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Abstract

Wildland fire is the dominant disturbance agent of the boreal forest of Alaska. Currently, about 80% of
the population of Alaska resides in communities potentially at risk from wildland fire. The wildland fire
threat tathese settlements is increasing hesgaof increased suburban consiiarcin or nearforested
areas.The primary olective of this researcivas to assess the effectiveness of maturing treatment
projects in terms of previously defined risk reduction and fire behavior objectives in obggieto
understand the contribution of fuel treatments to the broader economics of wildfire management in
Alaska. Along with contributing to our knowledge on teeological maturation of existirfgel

treatmentsve also examined what influenpablidy funded fuel treatments had on wildlafiick

suppression costs Alaska, whethesuppression resource orderisgffected by the presence of a fuel
treatment, and what role fuel treatments play in encourdgingeowners in WUI locations to reduce
wildfire risk on their propertyWe found thatdd treatments in boreal black spruce induced surface layer
species composition changes due to mossffli@ithout exposure of mineral soil, and to destabilization

of soils and melting of frozen layer#lodeled firebehavior at the selected sif@EHAVE 6.0) mostly
indicatethat shaded fuddreaks still retairmostbenefits of reduced fire behavior potential (due to the
reduction of canopy density and ladder fuels) for at least 14 yeaisfifiding fits withlimited

experiential evidence from prescribed and natural burning obfeeks. Findings from a discrete choice
experiment (DCE) suggest that responding homeowners were more willing to incur the additional costs
associated with private wildfire risk mitigati when a thinned/shaded fuel treatment was present on
nearby public lands. This outcome does not hold in the presence of a cleared fuel break. Drawing on
treatment site field data collected as part of this effort a set of four wildland fire scenasanecelled

and presented to Alaskan wildland management professionals as part of an elicitation exercise designed to
examine suppression resource ordering behavior. As expected suppression resource ordering depended on
both current fire weather conditioaad whether a fuel treatment was present. Smaller initial attack
packages were ordered when a fuel treatment was present and winds were 10 MPH and less in the
scenario.Finally, State of Alaska wildfire suppression cost dages collectedrom a reviewof

accounting recordsdm over 200 fires and matched against fuels treatment Gihtaanalysis identifies

14 wildfires of greater than 50 acres where a fuel treatmastfoundwithin 5km of the final reported

fire perimeter.No statistically significat relationshibetween fuel treatments and wildfire suppression
costs wasdentified. We argue that #gngeographic scale of the statel low population densitid¢mve an
unobserved impact in thielihood of a fuel treatment being went near or adjaat to a fire.



I. Objectives and Summary

As the frequency and cost of fires in the WUI increase, fuels reduction become increasingly important for
creating defensible space and contributing to the Cohesive Strategy goals of resilient landscapes, fire
adapted communities, and effective response (Western Regional Strategy Committee 2013). The primary
objective of this research program was to assess the effectiveness of maturing treatment projects in terms
of previously defined risk reduction and fire beiloa objectives in order to better understand the

contribution of fuel treatments to the broader economics of wildfire management in Alaska. The research
approach fully leveraged previous JFSP funded work (Project N&.3dQ Ott and Jandt, 2005), using
previously collected data to develop a picture of fuel treatment lifecycle built on repeated field
observations from 10 project locations across the Kenai Peninsula and Interior Alaska. Along with
improving our understanding of ecological maturation édteg treatments this research also devoted
significant effort towards identifying whether publicly funded fuel treatments reduce fire suppression
costs, influence suppression resource ordering, or incentivize homeowners in WUI locations to reduce
wildfire risk on their property.

Our study assessed operational and demonstratiobreks which were installed between 2001 and
2009. The costs of establishing and maintaining fuels treatments in Alaska can be very high, estimated at
$181$6,110/acre for aasnple of State of Alaska fuel reduction treatments (St. Clair, 2006) but vary
considerably depending on whether hamdited or mechanical, and whether agency or contracted
resources are used for implementation. | Ei@atments in boreal black spruce indd surface layer
species composition changes due to mossffliithout exposure of mineral soil, and to destabilization
of soils and melting of frozen layers. In general, we found the moss layer mostly recovered after 14
years, but canopy density shagionly very modest increases. Modeling fire behavior using BEHAVE
6.0 mostly indicated that shaded fbetaks still retaimostbenefits of reduced fire behavior potential
(due to the reduction of canopy density and ladder fuels) for at least 14 Vharsiso fits with our

limited experiential evidence from prescribed and natural burning obfaaks. A couple sites

illustrated the adverse effects of an opened canopy on fire potential, including drying, increased
flammable surface fuels, and higheid-flame windspeeds. Our data illustrate profound ecological and
site impactd both intended and unintendiedan result from forest treatments in boreal forest.

A second component of this research effort focusedemtifying private wildfire risk mitigation

activities taken by homeowners and evaluates how the presence and type of fuel teratmany

public landgnfluencel their willingness tancur the costs associated withrsung risk mitigation

activities on their own propertieg\t question here is whether public land fuel treatments have value in
helping to encourage beneficial homeowner action in a setting where risk is shared on the ladscape.
documented elsewhere (Lakoande 2006, Ta#teat 2006, Prantet al 2011) gien the shared nature of
wildfire risk facing many WUI neighborhoods, too little privatdigation activity is pursuedA survey

of homeowners was useal ¢ollect data from homeowners living in Extreme, High, and Medium wildfire
risk WUI locations irthe study regions As part of this effort, the survey included a discrete choice
experimen{DCE) which examines private risk mitigation preferences in the presence of public fuel
treatmentsA total of 368 homeowners responded to the survey. Along witbatimly basic socio
demographic information the survey asked homeowners about their perceptions of wildfire risk, prior
experience with wildfire, and rigkitigation efforts they pursud. n gener al respondent so
preference for thinned/shadkal breaks and were more likely to incur the costs associated with private
risk mitigation activities when present.



Third, an expert elicitation was used to evaluate how initial attack suppression resource orders in response
to the presence of a fuel &tenent. The expert elicitation brought together a diverse set of Alaska wildfire
management officials including crew bosses, fire management officers, and fuels specialists. The expert
group was presented with simulated frenariosn high risk WUI séting and asked to order from a
structured menu of firefighting resources. The south Anchorage neighborhood of Campbell Tract served
as a test WUI setting, having batigh level of wildfire risk present and presence of a fuel treatment
included in thestudy. The simulated fire scenarios were built using fuel treatment assessment data
collected as part of this project. The incorporation efaigate field information as well as the use of a
well-known high risk WUI setting not only improves the accyraf the scenarios but also provides a

setting with which fire managers are familiafhe elicitation shows thaeductions in resource ordering

when a fuel treatment is present depepoh the current fire weather conditions.

Finally, State of Alaskavildfire suppression cost dataas collectedrom a review daccounting records

from over D0 fires. Cost data were supplemented with weather, fuels, and fire behavior data drawn from
a variety of source®(g,ICS-209 reports The analysis identifie$4 wildfires of greater than 50 acres

where a fuel treatmemtas foundwithin 5 km of the final reported fire perimeter. No statistically

significant relationship, either positive or negative, between fuel treatments and wildfire suppression costs
wasidentified.

II. Background

Wildland fire is the dominant disturbance agent of the boreal forest of Alaska, which represents about
15% of the forested area of the U.S. Currently, about 80% of the population of Alaska resides in
communities potentially at risikom wildland fire. The wildland fire threat these settlements is
increasing because of increased suburban consimictor nearforested areas. Wmer summers and
longer fire seasortsave also contributed to the risk to homeowners in these &aagnean annual
temperature and summer maximum temperatures in interior Alaska have inetadetf F (0.5°
C)/decade and 0.4° F (0.@Ydecade respectivehpver the past 50 years and could increase an additional
5-12° F (37°C) by the end of the 21sentury NOAA 2018,Wolkenet al 2011). Warming is suspected

to be the primary driver behind the doubling of muaiillion-acrefire seasons observed in recent
decades. Alaska is seeing earlier disappearance of snow, higher surface albedo heatowgifek sn
vegetation and ickree oceans), longer fire seaspsisrinking permafrost layeesid changes in forest
composition (iston and Hiemstra011, Mannet al.2012). The earliest wildfireeverattacked by
smokejumpers (April 17) and a significant wadd urban interface (WUI) fire October made the
summer of 2016 one ¢dngest fire seasonsioecord. The 2015 Alaska fire season, and more recently,
theHorse River Ft. McMurray) disaster in Alberta, illustrate the type of extreme fire seasons [@ssib
under warmer conditions. In June 2015, a wleak barrage of lightning in Alaska ignited 295 fires
which spread rapidlyultimately consuming 5.1 million acres ad@ homes. Aa cost of $188 Min
state/federal firefighting expenditurése 2015 seh new record for fire season cost in Alaska. Aerial
support of firefighting tactics and mapping were haragédy thick smokeSeventy days of quality alerts
were issued in Alaska arlde dispersing smoke was detected all the way to the Atlantic seabbiaed.
Albertad s Ho r s ein NRay 20&6rburfied mearly 1.5 million acres of boreal fazestover 2,400

! Unpublished data from Alaska Division of Forestry & Bureau of Land Management, Alaska Fire Service, Dec.
2016.



homes and buildingsnd is expected to result in over $3.5 billion in insured losses, the largest such
insurance loss in Canadian history for aayunal disaster (Cheadle 2016)

Dispersedsettlements are difficult and costly to fdt, so it is expectemhore infrastructure will be
damaged by wildland firein the coming decade&gencies and the populace need adaptation and
mitigation strategiesotcope with the newhallenges posed lthese changes in fire reginfauiel
treatmentsre seen as one of the potential mitigation toddsthe frequency and cost of wildland fires
increase, fuels reduction techniques become increasingly importane&ting defensible space and
contributing to the Cohesive Strategy goals of resilient landscapeadfipged communities, and
effective response. In boreal forest, fuel reduction projects are pyiiméended to be usefdr strategic
options like buring out, sprinklers, application of retardant or other active defeBge= the late 1990s,
several fuels reduction projeetboth cleared firebreaks and shaded fuel bredkg\laska have been
completed by various entities, including the state of kdafederal land management agencies, and
Alaska Native corporation®eFries 2002Rogers2003,0tt 2005. Some shorterm followup studies

are available (McMillan and Barnes, 2013) but there is little information about the effectiveness of these
treatmats over time.A JFSPfunded invesgation of the shofterm (3year) ecological effects of shaded
fuel breaks in interior Alaska indicatthatthere ispotential for significant changes in vegetation and
permafrost dynamicdcosystem resilience and aitenent effectiveneda boreal forestsnay change
significantly in the near futur@Ott and Jandt 20Q0&Ruppet al. 2011).

Previous Work

Previous fire behavior modeling in treated stamals indicated mixed effectgth respect to rates of

spread, crowfiire potential, fuel moisture, and crown fraction burned in thinned stands of spruce. Also
lacking are comparisons of various fuels reduction techniques, ecological effects, or their impact on local
communities. An analysis of predictatefbehavior at ne site Figure4, Site b) indicated slightly

increased rates of spread but higher resistance to crown fire using BEHA®EAN2003). Subsequent
analyses from three demonstration units in 26G0gute4, Sites bd) using NEXUS 2.0 (Scott 2004)

found fuel treatments did not preclude crowe fiehavior in predictions, but could exchange passive for
active crown fire in some cases (Horschel 2007). However, she also projected the treated stands to have
higher rates of spread in dry conditions. Simulations indicated no chaageooierate reddion in

flame length and fire intensity in the treated sites, but substantial redirctive crown fractions burned

which might reduce spotting potential.

A few fuels treatment projects in Alaska have actually been tested by wildfire or experimestebpd

burning, including Ft Greely (1999), Nenana Ridge (2009 and 2015), Eagle Trail (2010), Funny River
(2014) and Card Street (2015). These case studies provide important information to the fire management
community on fire behavior in the presencdusi treatment. The Nenana Ridge treatment site was
challenged by both experimental and wildfire and in both cases reduced fire intensity and spread in mid
growing season (Butlet al.2013, Miller 2015). In May 2014, the Funny River fire approached

treatment projects established by US Fish and Wildlife Searidehe Kenai Peninsula Borough.

Managers were able to organize an opportunistic case study of fire behavior and treatment effects
(Sapersteiret al. 2015) and reports indicat¢hat the treatmea were critical in preventing fire spread

into occupied neighborhoods. Similar observations were made on the Card Street (2015) fire near
Anchorage (Perrine 2016). Clearly, there is much to be learned from preparing more detailed assessments
of the int@action between fuel treatments, fire behavior, suppression efforts, and, economic outcomes.
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Risk Classification and Management Structure

Al askan agencies depend on defining 6zonesd to tr
four suppredgsn response zones. Critical protection zones necessitate immediate suppression and usually

are close to larger urban areas, where people and property are in direct danger. Full protection areas may
still require a strong response, though the risk to hdifeais smaller than in critical zones. Modified and

limited protection areas are typically lower priority, in terms of suppression response. A map of the state
divided into its constituent parts is providedHigurel.

limited
modified

M
N critical
Figure 1: Map of Alaskan suppression response zones based on the

Alaska Interagency Fire Management Plan 2010
Source: Alaska Division of Forestry Web, 2018

Wildfire costs are not independent of response zones. Because there is a greater risk to human health and
property in full and critical zones, more resources are used on those wildfires than in the limited and
modified zones. There also may be a strondypo®ver order resources in critical zones to ensure the
protection of human health and property, as costs are not seen as a common decision factor when ordering
suppression resources on those fires. While there should be a strong correlation betwase rese

and costs, there are still pockets within limited and modified zones that require a suppression response.
Fire protection is mandated by statute for Alaskan Native allotmBetswuse these allotments are often

difficult to access, these wildfisemay increase in costs due to their inaccessibility. While many of the
wildfires in remote Alaskan wilderness are allowed to burn under supervision, any wildfire threatening an
Alaskan Native land allotment must hctively suppressed with federal or stiitefightingresources.



Risk level may be a significant factor in the decision process for suppression activities by
managemendgenciegboth state and federadnd by individuals (homeowners). The analyses presented
in this report account for tsby grouping data observations into three categories. We combine limited
and modified zones to represent a single-tiak grouping. A survey of homeowners, presented in
Section E, wa$ocused on lands in the Fairbanks North Star Borough (FNSB) and tta Reninsula
Borough (KPB)Figure2 andFigure3 show thedistribution of risk zones in the study areas.

High Risk

[l very High Risk
Il cxtreme Risk

{
5
\
Sl
-,

_/

Figure 2. Zones of concern in the Fairbanks North Star Borough
Data Source: Alaska Department of Natural Resources



COMMUNITY WILDFIRE PROTECTION PLAN AREAS
CWPP AREA AREA (Acres)
EXTREME RISK . LEGEND
7] Swaouomoce,) mazcaeex rox e tneum | CaExREME RISK cwpe AREA
HOMER / KACHEMAK [_]HIGH RISK CWPP AREA
ML Cas 7N 7 ol i 117400 MODERATE RISK CWPP AREA
N LOW RISK CWPP AREA

i

I T

Figure 3. Zones of concern in the Kenai Peninsula Borough
Source: Kenai Peninsula Borough Web, 2011



lIl. Field Work , Data Collection, and Fire Modeling Methods

A. Study Areas

Fuel treatment studsites, their date of establishment, methods of treatment, and predominant vegetation
type are presented by region below:

Interior Alaska

a) Nenana Ridge Projeckhis experiment compared 8 x 8 ft thinning with ladder fuels pruned to 4 ft
under two different slash removal strategi€l) haul away, (2) burn piles on si#blocks, N=10)
additionally, they tested shear bladiig blocks, plots N=10yith and without windrowing and burning
on site.Treatments (with a control block, N=1) teatre blocks of predominantly black sprweere

Figure 4. Study sites in Alaska, located in jurisdictions of all
three primary fire protéion agencies: Alaska Fire Service
(BLM), Alaska State Department of Forestry (DOF) and the
Forest Service.

applied in 2006 and the Unit A treatments were subject to controlled burning in 2009 to assess impacts of
treatments on fire behavior (Butleral.2013, Ruppet al.2011). An additional array of 4 treatments

(Unit B) had been prepared adjacenttat A but not burned. Replication occurred fortuitously in the

form of a wildfire in 2015 (Miller 2016) that consumed parts of Unit B, which wsamapled in 2015 as

part of this project.

b) Fort Wainwright Demonstration SiteExperimental fuel treatmémstablished in 2001 by TCC and

BLM Alaska Fire Service with Joint Fire Science Program funding and interagency cooperation. This site
has 4 thinning treatments (Plots N=4 each) and an untreated control (N=4rmnHlocks in black

spruce. Treatmenthinned trees to 8 x 8 ft or 10 x 10 ft spacing with or without pruning ladder fuels.
Blocks were previously rsampled 2 and 5 years pastatment (Ott and Jandt 2005).

¢) Toghotthele Demonstration SiteSame as Fort Wainwright but located on privaévecorporation
forest land south of Fairbanks.



d) Delta Bison Range Demonstration Siame as Fort Wainwright but treated in 2002 and located on
state forest lands west of Delta.

e) Dot Lake- Established in 2062009, this site ia shaded fuel bedin mature aspen with spruce
understory was thinned to 12 x 1206 spacing, on ab
reference stand. This project was a cooperative effort of TCC and the Dot Lake Village Corporation.

f) Tanacross Fuel Tegément Project This site is a WUI shaded fuel break in white spruce (see cover

photo), implemented in 2 phases2€®0 05 (39 acres thinned to 12 x 12¢
acres in 2005). Portions were impacted by Eagle Trail fire in 201@gees@indstorm event in 2012

(Figure6), and a 2013 fuelbreak rehabilitation project, which remediated 38.6 acres of windthrown

timber. (Plots N=5 treated/1 untrediteference stand).

Southcentral Alaska

g) Campbell Tract Established in 2003 and maintained in 2011, the site has a combination of WUI

shaded fuel break in mixed spruce affected by bark beetle (plots N=10) and cleared fuelbreak where slash

was piled andburned (plotsN=Bc overing roughly 2006 by 2 miles. F
established in untreated reference stands.

h) Funny Riveii This was a series of treatments extending about 10 miles near Soldotna established by
USFWS and cooperators beginningl998. The site demonstrates both thinning with slash removal in
mixed spruce affected by bark beetle (Plots N=12) and a 2009 masticated cleared fuelbreak (N=10). Both
experienced fire in May 2014 (N=8) and reference photopoints (N=6) were estabtishdcbated

stands.

i) Hope Gaté This site was established in 2009 to reduce fire risk to communities of Hope and Sunrise.
Various treatments were applied to different stands totaling about 900 aches@mugach National

Forest including thinning dese stands of spruce to-&ibt spacing and dense birch stands tddif2

spacing, along with removing dead and dying bdeétled spruce trees and piling and burning slash
(Treated plots N=10 and untreated reference photopoints N=4).

j) North Beani Wasa 2012 project on the Chugach National Forest near Cooper Landing. Dead and
dying spruce trees were removed on 750 acres near the Bean Creek Trail to reduce fire risSRNBSFS
2011; Plots N=10 and reference photopoints N=4). The action was identiiediigation strategy in

the Cooper Landing Community Wildfire Protection Plan.

B. Fuel Treatment Assessments

Treatment Site Fieldwork

Field work was carried out by forestry personnel working for the Tanana Chiefs Conf@rée
Forestry Program artie Chugachmiut Tribal ConsortiufCTC) Forestry between June and August of
2015. In early June, members of botbC and CTC forestrypersonnel with the U.Srish and Wildlife
Service, andbtate of Alaska Department of Natural Resourepsesentativelseld a field training session
at the Campbell Tramear AnchorageData was collected or61 plots in treatments and
control/reference sitg9ablel), andphotographs taken at another8fireated reference sites fuel



model classificationThey refined data collection protosdb ensure continuity across the diverse set of
fuel treatment locations.

The collected field data was used to deternileé loading of surface and canopy fuels. A model of fire
behavior, before and after the various fuel treatments, was used to assess ecological effects of the fuel
treatments. Adding reference plots several years after treatment can be problematico \édreroh

plots were previously established, we used the Alaska photo fuels series (USFS 2018) to quantify canopy
fuel for comparative fire behavior and forest floor foetls in untreated areas. Photographs were taken of

all plots to show current conditicand other disturbances like fire entry, wihdow, drought stress, or

change in surface fuels. These characteristics may have important consequences related to the
maintenance and strategic use of fuel breaks in boreal fuel types.

Canopy and surfaceiéls datacollectedin plotsincluded:ov e r s t o DBH) tige>sterh count by
diameterclassuisbcanopy (<10 DBH) trees and seedlings tall
subplots/transectanopy tree heightanopy fuel base heightind crown widtHor determining the

canopy fuel load For fuel treatments with tagged tr§dsS demonstration sitdsigure4, b-d) we re

measured DBH and height to assess tree gravgihonse to treatment. Crown bulk densities for the fire

behavior inputs were computed by estimating crown mass from crown lengths/diameters and tree

densities and using allometric equations for total algyeend tree biomass by species (Yatial. 2007,

Barney and VanCleve 1973). The fraction of tree crown mass that would be expected to burn in frontal
passage is generally the foliage and twigs | ess t
approximately 42% of total crown mass fotamd black spruce (Barney al. 1978). The combustible

fraction of crown mass was multiplied by crown length to derive crown bulk density (Appendix Table

10a/b).

Pointintercept transects were used to estimate covenadrstory vegetatioby speciesaswell as
substrate (moss, lichen, conifer litter, hardwood litteijer, and canopy cover by species (using vertical
densitometer)All vegetation intercepta/ererecordedyielding absolute cover by speciesontinuous
understonyfuel bedheightwasedimated at 4 pimts alongiransecs to inform fire behavior modelswe
also measuredegth offorest floorlitter, upper and lowr duff, dbwn woody fuel loadj and active layer
deptH.

2 Canopy fuel base height is the height above the ground of the lowest live or dead concentration of branches that
have the ability to move fire higher in the tree.

% Measured along transect lines using the planar intersect method ( Brown 1974)

* Active layer is the layer of soil over permafrost that seasonally thaws. It varies through the season so single
measurements are only useful for analysis of effects with a simultaneous control. Active layer was measured with 10
points per line, where reference wated control blocks were available for comparison.
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Table 1. Summary of field data measurements

Measurements2015 Data sampled at each plot
Vegetation cover (120 pts) 4 x 30m poirdintercept transect
Canopy cover, by spp. 4 x 30m poirdintercept transect
Stem density, by size class 4 x 30m belt transect
Subcanopy (<1" dbh) tree tally 3 x 1nf subplots/belt transect
Tree height & DBH by spp. 6 trees/transect

Tree canopy base & crown width 6 trees/transect

Active layer deptHinterior Alaska plots only] 10 points/transect

Forest floor layer thickness 2 points/transect

Downed, woody fueloading 4 x 30m Brown's transects

C. Fire Behavior Modeling

Fire Behavior Model Options

We initially proposed to use IFTDSS V 2.Dhg Interagency Fuels Treatment Decision Support System
Drury et al 2019 as our modeling platform for evaluating fire behavior changes due to fuels treatments.
We were able to use IFTDSS for modeling landscape fire behavior for the expert elicitation on wildfire
scenarios before IFTDSS was updated to version 3.0. Howegdacthof standevel fire behavior

modeling capacity in IFTDSS 3.0 forced us to evaluate other fire behavior modeling systems including
BehavePlus V 6, the Canadian Fire Effects Model (CanFire), a successor to the Canadian Fire Behavior
Prediction Model REDapp) and the Crown Fire Initiatiamd Spread Mod&ystem (CFIS).

Fire Behavior Model Evaluation

The fire behavior modeling systems BehavePlust®$://www.frames.gov/partner
sites/behaveplus/softwamanuals); CanFIRE (de Groot 2012REDapp(http://redapp.org and the

Crown Fire Initiationand Spreadhodel (CFIS; http://www.frames.gov/cfiswere all evaluated using a set

of unpublished observations for the 1997 MagitchliegR Fire We evaluated how close the fire

behavior modeling systems performed when compared to direct observations including flame length, rate
of spread, fireline intensity, and fire type (torching or crown fire).

Fire Behavior Fuel Model Selection

Fire behavior fuel models (FBFM) were selected for use with BehavePlus 6 based on consultations with
fire behavior analysts in Alaska,review of thedtest version athe Alaska Fire Behavior Fuel Model

Guide Cellaet al 2008;henceforth referred to as the guide), and analysis of fire behavior observations
from the 1997 Magitchlie Creek Fire. Initial FBFM selection was then compared with site ppbtgra

and the field sampled vegetation and fuels data to confirm or suggest other FBFM.
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Modeled Fire Behavior in Fuels Treatment

Flame length, rates of spread, fireline intensity, and fire type were modeled for each treatment location
and treatment type. uiface fuel models that serve as fire behavior fuels inputs for the surface fire
prediction models were selected using the field collected vegetation data summaries, visually inspection
of site photos. Canopy fuels inputs were calculated using the &&dsdmmaries following standard
biomass algorithms in Barney and Van Cleve (1977) for black spruce trees andtr{2007) for

white spruce and hardwood trees. Weather inputs'sa® 9" weather percentiles for rH and

temperature were determuhesing historical weather records from Remote Automated Weather Stations
(RAWS) and calculated using FireFamilyPlus 4.2 (BradstwagvMcCormick 2000 In addition,
FireFamilyPlus 4.2 was used to determine fuel moisture values for 1 hr, 10 hr, andudlQrioisture

inputs for 78 and 98 percentile weather. Live herbaceous fuel moisture, live woody fuel moisture, and
foliar moisture values were set based on existing literature and expert opinion. The influence of wind
speed on fire behavior potentigas evaluated using stepwise modeling at wind speeds of 0, 2.5, 5, 10,
15, 20, 25, 30, 35 and 40 mph. Modeling fire behavior with increasing winds allowed us to produce charts
of when strategic firefighting tactics could be employed and under what péeds a fire would be

expected to transition from surface toctning to an active crown fire.

IV. Field Work , Data Collection, and Fire Modeling Results and
Discussion

A. Fuel Treatment Life Cycle Changes

Tree Density and Forest Cover Changes

In interior Alaska black spruce treatments (SitésdhFigure4), average live tree densities ranged from

3,566 to 5,337 stems/acre fireatment, with the vast maijty (95 to 100%) composed of black spruce

(Ott and Jandt, 200F:able A-1). Treatment initially reduced these densities by97% (2 years post

treat ment ) . After 14 years, the overstory tree d
24%oof the densities in the control plots. Prior to treatment, average overstory cover values ranged from

40% to 53% in the black spruce demo sites, whereadngasinent they ranged from-P1% tree
coveconverting them fr om ~AflaskifcatiendAftéradyeasstitiinnegdo fwo o d |
demonstration unité black sprucénad gained 4% overstory tree cover (Tableld. 2015 canopy

cover ranged from 0% in shearbladed or masticated treatments to 47% in the mostly aspen Dot Lake

shaded fuelbreak, dm8% in the birckdominated Campbell Tract fuelbreak (Tabl&, A-3). All

treated units were more open than their reference sites, often dramatically. For example, at Tanacross the
shaded fuelbreak was 6% cowsd3% at the reference site (cover phdtable A3). Interestingly, we

did not detect a meaningful increaseinsua nopy trees (<4.56 tall) or see
thinned black spruce units, in spite of the dramatic canopy openings created (Habldéofvever, at 8

years postreament in a more aggressively thinned mixed spruce stand (Tanacross), regeneration started

to become more noticeable in the treatmentgrafoundshift in species composition of regenerating

trees (toward white spruce and aspen and away from black spiadib&eh) was noted (Jandt 2009;

Table A3).
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Canopy Fuel Load

Canopy fuel loadings varied widely among treatment types and across ecotypes but were predictably
lower at treated sites. Previously sampled JFS Demonstration shaded fuel break units in interior Alaska
(Sites bi d, Figure4) showed slight gains in crown mass and crown bulk density values, but were not
substantially changed over the 14 years since treatment relative to control sites ffale5). At

Nenana Ridgé€Site a,Figure4) crown bulk density in shaded fuelbreak units wa80% of control

values after 8 years (Table?.

Figure 5. Field data collection at Campbell Tract by  Figure 6. Tanacross fuel treatment after wind ev
TCC and Chugachmiut forestry staff. (photo: N. in 2012 (photo by F. Keirn, TCC).
Lojewski, 2015)

Tree Damage in Treatments

An important finding in boreal shaded fuel breaks was the unintended tree damage and loss that can occur
after initial treatments. Tanacross providegbad example of this. The original thinning specifications

were for 12 x 1206 thinning in mixed forest predom
but results were closer to 14 x 1406 spacheetlg (220
(Ips perturbatugactivity was heavy during the summer after treatment in trees and log decks salvaged for
firewood. Insects, combined with thinning shock and pruning wounds led to the loss of up to 25% of the
remnant trees (Jandt 2009). A wingeat in September, 2012 with gusts up to 100 mph, also resulted in
extensive damage (phekigure®6) in the treated area and in natural openings (Ndiwmer 2012). Asa
result, after 15 years the canopy cover was just
2% aspen (Table R). We also followed the fate of tagged trees in the JFS Demonstration fuelbreaks to
determine the effects of treatment. Of T8@8ged trees, 3% died by 2064 on treatment blocks, and 6

on control blocks. Windthrow was especially evident in the treatment block. After 4 years, 21 tagged trees
(as well as many netagged trees) had been downed by windthrow on the treatment blutlkshost of

others were leaning, most notably at DBRy(re4, site d). No tagged trees were windthrown on the

control plots, although dead and damaged treeg¢&d|y spruce budworm at TOGigure4, site c)

were observed. Black spruce (especially when growing on sites underlain by permafrost) are very
shallowrooted.
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